The results are reported of a study of 83 
of primitive ventricle, most with, but a few without an outlet chamber. However, in a minority of hearts an imperforate membrane interposes between the right atrium and a formed but hypoplastic right ventricle. In two of the hearts, the imperforate membrane showedfeatures of Ebstein's malformation. The hearts could be further subdivided according to the ventriculoarterial connection. Most had normally connected arteries (66 of 83), and all but 2 also had normal relations between the arteries; in these 2 hearts there was 'anatomically corrected malposition'. Twelve hearts showed transposition, one had double-outlet outlet chamber, and another persistent truncus arteriosus. The remaining 3 hearts, all without outlet chamber, had by definition a double outlet connection. A segmental approach provides the best way of classifying this anomaly, and an embryological explanation is offered for the variations in anatomy observed.
The classification of tricuspid atresia introduced by Edwards and Burchell (1949) has proved its value in clinical, surgical, and pathological settings. However, recent modifications of the original classification have perhaps detracted from its value. Using the modification suggested by Keith et al. (1958) , atresia of either the right or left atrioventricular valves can correctly be described as tricuspid atresia. Definition of 'transposition' as applied to this classification varies considerably and is a potential source of further confusion. Thus, using the term 'transposition' to describe any anteriorly situated aorta, Tandon and Edwards (1974) With the advent of radical palliative surgery for tricuspid atresia (Fontan and Baudet, 1971) , it is hearts were studied so as to elucidate their segmental arrangement, paying particular attention to the ventricular morphology, and the nature of associated anomalies. Twelve of the hearts were also studied by serial histological sectioning of the atrioventricular junctions primarily in order to ascertain the disposition of the conducting tissue (J. L. Wilkinson, A. Smith, A. E. Becker, and R. H. Anderson, unpublished observations) . Certain of these histological findings are pertinent to the present investigation, and will be discussed where relevant.
Definitions and terms (1) ATRIAL SITUS
Situs solitus is present when the morphologically right atrium is right sided and the left atrium is left sided (Shinebourne et al., 1976) . The other varieties of atrial situs are situs inversus and situs ambiguus.
(2) VENTRICULAR MORPHOLOGY The terms right ventricle and left ventricle wiRl only be used in this report when each ventricular chamber is in potential communication with a separate atrial chamber, and each ventricular chamber contains the complete tension apparatus of the connecting atrioventricular valve (Fig. 1) . tension apparatus Fig. 1 Diagram illustrating the concept of a heart with formed right and left ventricles, but an imperforate membrane between the right atrium and the right ventricle. The latter chamber contains valvar tension apparatus.
In the situation in which a single atrioventricular valve is present between the left atrium and a ventricular chamber, and the blind-ending right atrium is also in potential communication with the chamber receiving the single antrioventricular valve, then the ventricular morphology is considered to be a variant of primitive (single or common) ventricle Shinebourne et al., 1976) . In this situation the chamber receiving the single atrioventricular valve is termed the main chamber. If a smaller anterior chamber is also present it is termed the outlet chamber (Fig. 2) In the hearts studied the muscular septum interposing between the aortic and pulmonary valves is described as the infundibular septum. Previously this structure has been termed the conus septum (Anderson et al., 1974b) . If a muscular fold separates the posterior semilunar valve from the atrioventricular valve it is termed the ventriculoinfundibular fold. This previously has been termed the conoventricular flange (Anderson et al., 1974b ; the other ( Fig. 6 ) had a large ventricular septal defect between the left ventricle and the right ventricular infundibulum, which supported a good sized pulmonary artery. In 77 hearts the blind ending right atrium was not in potential communication with an anterior ventricle, but with the same ventricular chamber as received the left atrioventricular valve ( Fig. 7 and  8 ). All these hearts were, therefore, examples of primitive (single or common) ventricle. In one heart (Fig. 7) a fibrous membrane at the site of the dimple formed a discrete aneurysm protruding from the floor of the right atrium into the main chamber. In 36 of the remaining hearts the right atrial 'dimple' overlaid the central fibrous body, and was again the potential communication with the main chamber. In 34 hearts, discrete 'dimples' were not observed, but dissection revealed that the right atrial floor was in potential communication only with the main chamber (Fig. 8) . In a further 6 hearts, ostium primum defects existed through which the right atrium was in direct communica- tion with the main chamber (Fig. 5 ). The histological studies in 12 hearts confirmed these atrioventricular relations, and showed that the atrioventricular incisura always interposed between the right atrial floor and the outlet chamber.
In 74 of the 77 hearts the ventricular morphology was that of primitive ventricle with outlet chamber. In the remaining 3 hearts there was only one ventricular chamber, which received the left atrioventricular valve and gave rise to both great arteries (Fig. 9) . In primitive ventricle without outlet chamber the ventriculoarterial connection must by definition be one of double outlet (Shinebourne et al., 1976) . There was d-malposition in two of these hearts and 1-malposition in the third. When an outlet chamber was present, it was anterior and to the right in 71 specimens and to the left in 3. The outlet chamber morphology varied according to the ventriculoarterial connection. With normal ventriculoarterial connection, the outlet chambers had long infundibular segments and smaller apically trabeculated portions (Fig. 2, 10) .'In contrast, when transposition was present the infundibular segment was much shorter and the trabeculated zone more prominent (Fig. 8) .
The trabeculations of the main chamber resembled those of the normal left ventricle in all cases, but were frequently much coarser than normal (Fig.  10 ). There were several other differences between the main chamber and a normal left ventricle. The septal surface was much smaller, was orientated in the frontal plane, and was frequently trabeculated. The bulboventricular defect was separated from the area of the central fibrous body by direct fusion of the infundibular septum with the bulboventricular septum. The aortic valve in hearts with normally connected arteries was, therefore, separated from the defect by a muscular bar, unlike the situation seen in isolated ventricular septal defect with normally connected arteries (compare Fig. 1 A and  B) . Another unusual feature of the main chamber was the presence of a prominent posterior trabeculation. In some hearts this ridge was sufficiently prominent to divide the chamber into large left and smaller right-sided portions (Fig. 10) . In all but two hearts the valve entering the main chamber had the morphological characteristics of a mitral valve (Fig. 7, 8 ). In these two hearts, both with left-sided outlet chambers, there were morphologically tricuspid valves between the left atrium and the main chamber; in both hearts the outlet chamber was larger with a prominent trabeculated pouch and the bulboventricular septum was straddled by the left atrioventricular valve (see Fig. 13 ). In the other Fig. 10 Further views of the case of primitive ventricle with outlet chamber, right atrial orificial atresia, and aneurysmal 'dimple' illustrated in Fig. 7. (A) The relation of the bulboventricular foramen to the posterior ridge. The inferior edge of the infundibular septum (IS) and the bulboventricular septum (BVS) separate the dimple from the outlet chamber. (B) The anterior aspect of the outlet chamber. It differs in morphology from that seen in Fig. 8 , by virtue of the deep infundibulum (Inf) beneath the pulmonary valve. It possessed an extensive trabeculated apical pouch (TrP). However, it does not contain tension apparatus and does not receive the aneurysmal dimple (see Fig. 7 ). Fig. 11 Photographs illustrating the differences between an isolated ventricular septal defect (VSD) in a heart with atrioventricular concordance (A), and a secondary bulboventricular foramen (BVF) in a heart with primitive ventricle with outlet chamber and right atrial orificial atresia (B). (A) Viewedfrom the left ventricle (LV); (B) from the main chamber (MC). Note that in the isolated defect, the roof is the aortic valve (AoV) and the partially formed interventricular segment of the membranous septum (MS). Because of the failure offormation of the right ventricular inflow tract in the specimen shown in (B), the interventricular segmnent of the membranous septum is lacking. The foramen is bounded instead by the infundibudar septun (IS). Note also the difference in orientation between the posterior interventricular septum (PS) and the bulboventricular septum (BVS). Other abbreviations as above. specimen with right atrial orificial atresia and leftsided outlet chamber the left atrioventricular valve was morphologically a mitral valve (Fig. 12 ).
C. VENTRICULOARTERIAL CONNECTIONS
All the 6 hearts with atrioventricular concordance (right atrium separated from right ventricle by imperforate membrane) had normal ventriculoarterial connections, albeit with pulmonary atresia in 4 cases. Connections were very variable when the ventricular morphology was that of primitive ventricle (Fig. 4) pulmonary stenosis in 30 hearts with normally connected arteries, and aortic stenosis with associated isthmal hypoplasia in 5 hearts with transposition (Fig. 14) . Another source of pulmonary stenosis in the presence of normal connections was a constriction between the trabeculated and infundibular segments of the outlet chamber; this was seen in 4 hearts in addition to stenosis at the bulboventricular foramen. Valvar stenosis also frequently accompanied bulboventricular stenosis but in 3 cases was the sole cause. In one further case, fibrous tissue from the underside of the infundibular septum obstructed the bulboventricular foramen. Pul Quero-Jimenez et al. (1975) there are further variations in ventriculoarterial connections than merely 'normal relations' or 'transposition'. The question is then posed as to how all these variations can best be described. We believe that adequate description and classification can only be produced by use of the segmental approach (Van Praagh, 1972; Shinebourne et al., 1976) . However, it became evident that application of such a segmental approach gave rise to many potential controversies.
A. WHY RIGHT ATRIOVENTRICULAR ORIFICIAL ATRESIA RATHER THAN TRICUSPID ATRESIA?
In this investigation we have described hearts in which the right atrial chamber was blind ending. In all but 2 of these hearts the valve present between the left atrium and the ventricular chamber was a morphologically mitral valve. However, in the 2 remaining hearts the left-sided valve bore more resemblance to a morphologically tricuspid valve. The morphological inference to be drawn from this information is that d-bulboventricular looping occurred in all but the 2 hearts with left-sided tricuspid valves, in which 1-looping is presumed to have occurred. Would it not therefore be more accurate to separate these 2 hearts as mitral atresia? Morphologically this would be completely acceptable. However, we submit that in clinical terms the important feature is that the right atrium is blind ending, irrespective of whether the atretic valve is morphologically mitral or tricuspid. Furthermore, we believe that it would not be possible angiographically to distinguish a mitral valve from a tricuspid valve. The clinical evidence for 1-looping would be inferential, being deduced from presence of a left-sided outlet chamber. Yet one of the hearts presently studied (Fig. 12) possessed a left-sided outlet chamber supporting an 1-transposed aorta; these observations suggest 1-looping but the left atrioventricular valve was morphologically a mitral valve. We, therefore, consider it more accurate and less confusing to refer to 'right atrioventricular orificial atresia' (or 'right atrial orificial atresia'). We have thus excluded from this series hearts with evidence of 1-bulboventricular looping and left atrial orificial atresia. In morphological terms this condition represents 'tricuspid atresia' (Harris and Farber, 1939; Keith et al., 1958 ), but we prefer to consider it as left atrioventricular orificial atresia, and we would group it together with other forms of primitive ventricle which exhibit blind-ending left atria (Quero, 1970; Macartney et al., 1976 (Anderson et al., 1974a) . Furthermore, our histological studies in right atrioventricular orificial atresia have shown that the atretic orifice does indeed 'point' to the main chamber. This fact indicates to us that the hearts thus fulfil the criterion demanded by Lev et al. for single ventricle, since we believe that the right ventricular inflow portion is indeed contained within the main chamber, which therefore constitutes a primitive ventricle. As in 'single' or 'common' ventricle with outlet chamber, the outlet chamber represents the embryonic bulbus (Keith, 1906) . We suggest that in primitive ventricle with two atrioventricular valves, the right inflow portion has developed with persistence of the bulboventricular septum in its initial anterior position, whereas in right atrioventricular orificial atresia there has been lack of development of the inflow portion but persistence of the anteriorly situated bulboventricular septum (Fig. 15) Burchell (1949) was that it described the state of pulmonary blood flow. In order to convey this important information, Henry and Danielson (1974) tabulated their extensive findings, using a modification of this approach. However, the segmental approach does not preclude the provision of this information if it is appreciated that pulmonary stenosis is an associated anomaly. An important and vital part of segmental nomenclature is the tabulation of additional anomalies. In this way other information will also be transmitted and attention focused on the genesis of these associated anomalies. Thus (Fig. 6) . Rao et al. (1973) have previously commented on the surgical importance of recognising this variety of right atrial orificial atresia. It is because of the surgical implications that we have excluded from this series hearts with left atrial orificial atresia even when the atretic valve was morphologically tricuspid. Since the Fontan operation can be employed only when the right atrium is blind ending, we prefer to distinguish between right and left atrial orificial atresia, rather than between tricuspid and mitral atresia.
The fact that a small number of the hearts were examples of primitive ventricle without outlet chamber may also be significant. It is becoming customary now to insert the distal end of the right atrial conduit to the outlet chamber. Clearly this would be impossible when an outlet chamber is not present. In the hearts we studied an outlet chamber was also effectively lacking when there was pulmonary atresia with normal ventriculoarterial connections. However, in all other hearts a good size outlet chamber was present even when secondary constriction of the bulboventricular foramen had occurred. In 4 hearts a second constriction was present distally within the outlet chamber which may have detracted from its functional valu as a potential pumping chamber if the distal end of the conduit had been inserted to that chamber.
The type of ventriculoarterial connection present also influences the site of insertion of the distal end of the conduit. The outlet chamber can only be employed as part of the pulmonary circuit in the presence of normally connected arteries. It is important to realise, therefore, that normal ventriculoarterial connections can exist with an anterior leftsided aorta. This relation is usually termed anatomically corrected malposition, and its association with right atrial orificial atresia has previously been stressed by Melhuish and Van Praagh (1968) and by Freedom and Harrington (1974) . It must also be remembered that any possible ventriculoarterial connection can exist with right atrial orificial atresia.
Conclusions
In summary, therefore, we believe that our study has shown a basic subdivision in terms of ventricular morphology in hearts with atresia of the right atrioventricular orifice, the majority being examples of primitive ventricle with outlet chamber. We believe that understanding of the condition is enhanced if the anomaly is described as right atrial orificial atresia rather than 'tricuspid atresia' since in some hearts the atretic orifice may be a mitral orifice, but nevertheless its effect is to shunt systemic venous return to the left atrium. Finally, we believe that our investigation endorses once more the value of a segmental approach to diagnosis (Van Praagh, 1972; Shinebourne et al., 1976) , since many variants of right atrial orificial atresia are described, while others probably exist which have yet to be described. We are indebted to all our clinical colleagues for permission to study hearts from patients previously in their care. We are also indebted to colleagues who placed their specimens at our disposal, in particular Drs. J. Van Gorp and Sj. Sc 
